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1

This invention relates to the measurement of
the periodic signal component of an electrical
voltage which includes randem noise energy of
varying polarity and of amplitude which may be
high with respect to the periodic signal compo-
nent to be measured.

In g more specific aspect, the invention relates
to gecphysical exploration wherein relatively low
amplitude signals refiected from sub-surface beds
or resistive interfaces are to be measured in the
presence of noise signals that are of relatively
high amplitude.

In electrical exploration for detection of sub-
surface reflecting horizons as an indication of
structure related to petroleum or mineral de-
posits, constant frequency current pulses may be
applied to the earth’s surface and potentials re-
sulting therefrom may be measured at selected
locations with respect to the point of application
of the current. Sources of random noise energy
that ordinarily make the measurement of low
amplitude reflections impossible, or at best, very
difficult, include stray 60 cycle energy from power
lines, varying telluric currents and others, most
or all of which ordinarily are beyond control of
a geophysical exploring party. Various meas-
ures have been taken to eliminate, buck out, or
otherwise compensate for the random noise en-
counitered. However, in many instances, such
measures have been found to be inadequate since
the noise energy is, in general, in the same fre-
quency range and often is meny times the ampli-
tude of the signal to be detected.

In accordance with the present invention, a
composite electrical voltage consisting of random
noise of varying polarity and amplitude combined
with a periodic signal component is detected and
the periodic signal component is measured by
continuously converting the composite signal to
stored energy in form corresponding with that of
the signal. The stored energy is detected and
repeatedly combined later in time with said com-
posite signals in a phage relation or at a repeti-
tion rate that is determined by the frequency of
the periodic sighal component. For each com-
bining operation, the periodic signal component
of the detected energy is added in phase-coineci-
dence with the periodie signal component of said
composite signal appearing later in time. How-

ever, the sum of the combined signals is then
stored as energy, and the foregoing is repeated
whereby the ratio of the periodic sighal compo-
nent of said composite signal to said noise is re-
peatedly and incrementally increased.

For a more complete understanding of the
present invention, reference may now be had to
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the foliowing descripfion taken in conjunction
with the accompanying drawings in which:

Pig. 1 is a schematic diagram of an exploring
system embodying the invention,

Fig, 2 is a block diagram representative of a
portion of Fig. 1;

Fig. 3 is a graph illustrating operation of the
system of Figs. 1 and 2, and

Pig. 4 is a modified storing system.

or the purpose of the present descripiion, an
elecirical prospecting system including a mag-
netic storing unit wiil first be described in some
detail and thereafter a more complete and some-
what more general analysis of certain features of
construction and operation together with other
modifications will be described.

In the system illustrated in Fig. 1, current from
a source generically represented by a battery (8
flows through the earth between electrodes 11
and {2. 'The character of the current flowing
through the earth may be controlied by a com-
mutating device represenited by the double-pole
double-throw switch 13. The arms of the switch
13 are mechanically coupled and actuabted
through means indicated by the dotied line 14
leading to a driving motor 5. The arms of the
switch {3 are repeatedly driven through coupling
{4 from a first closed circuit position to a second
closed circuit position at a selected constant rate
to produce spaced square wave current pulses
alternately of opposite polarity in the earth be-
tween elecirodes #f and 12. Two and a half
cycles of such pulses are illusirated and noted by
the reference character {6. The length of the
pulses {6 as compared with the period or the
space therebetween depends, of course, upon
the length of dwell of the arms of switch 3 in the
closed circuit positions. For the purpcse of the
present description, it will be assumed that the
current pulses and the spaces between pulses are
equal In duration. The repetition rate or the
frequency of the input sighal may be selected in
accordance with the teachings of the prior art
from bhetween % to 30 cycles per second.

It is well known that the flow of such sguare
wave current pulses in a given portion of the
earth produces potentials which may be related
to earth sitructure and, in electrical prospecting,
the measurement of such potentials yields valu-
able information as to the character of the earth
structure.

If the current electrodes {{ and 12 and detect-
ing electrodes 20 and 24 are oriented so that each
electrode is at one corner of a rectangle, it has
been found that a potential pattern 22 (shown
free of noise energy) will be detected between
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electrodes 28 and 21 as a result of the input pulses
16. It will be recognized that the potential pat-
tern or wave 22 also comprises twc and one-half
cycles corresponding with the current pulses (8.
As has been more fully disclosed in co-pending
application, Serial No. 112,741, to Charles I. Beard,
a co-employee of applicant, it has been found
desirable to reproduce at least one complete half
cycle of the wave form 22 undistorted by noise
impulses. In accordance with the present in-
vention, one, two or several cycles may be repro-
duced in their true character by increasing their
amplitude without corresponding increase in ran-
dom noise components. The noise components
have not been shown in Fig. 1, but they may be
many times the amplitude of the wave form 22
as detected by electrodes 2¢ and 2§ and are ran-
dom in their occurrence.

In one form of the present invention, the de-
tected signal represented by the wave form 22
plus the obscuring high-amplitude noise compo-
nents appearing as the voltage (vin) is applied to
the grid circuit of a mizer or bridge amplifier 24
comprising tubes 25 and 28. More particularly,
electrode 28 is connected by way of resistor 27 to
the grid of tube 25. The tube 28 with its cathode-
resistor 282 forms one arm of the bridge cireuit.
The tube 26 with its cathode-resistor 28a forms
an adjacent arm thereof. The resistors 28 and 28
complete the bridge circuit. Battery 39 is con-
nected across one diagonal of the bridge., The
electrode 21 is connected to one side of the other
diagonal of the bridge, the point 3{, which is the
electrical groungd of the amplifier 24. The output
of the bridge is taken across the diagonal defined
by ground point 31 and the common juncture §ia
between the resistors 28 and 28. A conductor 32
leads from the output point 31¢ to the input of a
medulator 83 forming a part of a magnetic re-
cording system. Resistor 24 connected between
the output point 3 i and the grid of tube 25 forms
a feedback path for degenerative action in the
bridge amplifier. The size of feedback resistor 34
controls the gain of the bridge amplifier and the
manner of its selection will later be explained in
detail.

The signal output from the bridge amplifier
applied to the medulator 33 is impressed upon an
oscillator 25 to frequency modulate the output
thereof which is then stored as magnetic energy.

In the form illustrated in Fig. 1, a continuous
loop of magnetizable material 38, such as is used
in magnhetic recording devices, is driven over
pulleys 37 and 38 by the motor 5. The speed or
veloeity of the tape 38 preferably is maintained
constant and directly proportional to the rate at
which the arms of the commutating switch i3 are
actuated. The output of the cscillator 3% is im-
pressed on a recording head 39 adjacent the mag-
netic tape 88. Thus, a sighal detected between
electrodes 28 and 2f passes through the bridge
amplifier 24 to the modulator 33 to ifreguency
modulate the oscillator 35 whose output then has
a frequency variation corresponding with the
wave shape of the input signal (vin). This out-
put is then recorded on the magnetic tape 36.
With the tape 38 traveling in the direction of the
arrow 41, the signai recorded thereon is detected
by a transducer £3 positioned later in the travel
path of loop 35. As illustrated, the recording
head 3% and the transducer 43 are positioned at
diametrically opposed points on the loop 86. The
loop 3G, in this form of the invention, preferably
has such a relation between length and speed that
two complete cycles of the signal wave 22 will be
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recorded thereon. In other words, the loop is two
wave lengths long with respect to the signal 22,
3, given point on the loop 36 traversing the entire
path thereof during the time interval of two com-
plete cycles of the repetitive signal 22. A dis-
criminator 45 coupled to the transducer 43 de-
modulates the detected signal and applies the
output (ve) to an oscilloscope 48 where the signal
may be viewed, measured, photozraphed or other-
wise studied.

Detailed descriptions of the modulator 33, oscil-
lator 3%, transducers 35 and 43, the discrimina-
tor 43, and certain details concerning construc-
tion of the loop 36 and its driving mechanism
have been omitted since they are generally well
known and understood by those skilled in the art.
Further, recorders using magnetic tapes suitable
for use as set fort herein and including the above
componenis are available commercially. One
such device is manufactured by the Brush Devel-
opment Company of Cleveland, Ohio, and mark-
eted as “Transient Recorder BI—502.”

It wili be remembered that without further
treatment or modification, the signal (vo) thus
appearing on the cscillescope in general includes
noise energy which masks and makes completely
unidentifiable the component thereof correspond-
ing with the wave form 22. To eliminate the
cffects or the presence of the noise on the oscillo-
scope 48, there is provided in accordance with the
present invention a feedback system including a
second amplifying bridge network 3. The net-
work 58§ is connected by way of conductor 51 and
ground to the output of the discriminator 485.
The output (»2) of bridge 53 is in turn coupled
through resistor 52 and conductor 53 directly to
the input grid of the tube 25 of the inpul ampli-
fying bridge circuit 24. The bridge circuit 5§ is
identical in construction and operation with that
of the input bridge circuit except that a variable
feedback resistor 54 is provided to conirol the
amplitude of the feedback voltage (v2) applied
by way of conductor 3. The voltage (v2) fed
back into the first bridge network is so related
in time with subsequent cycies of the periodic
signal component 22 of the input signal (vin) that
the periodic signal components of (vin) and (v2)
are added “in phase” at the grid of tube 28. That
is, if resistors 27 and 52 are egual, the voltage
effective cn the grid of tube 25 will be propor-
tional to (vintw2). It will bz appavent that other
mixing circuits could be employed at the input to
tube 25 to affect the desired combining of the in-
put signals thereto. In any case, for each cycle
the pericdic signal component of the signal im-~
pressed on the tape 36 is increased inasmuch as
there are added together a direct input signal and
a stored signal.

Since noise components, by deiinition, are
either of random nature or are irraticnal in fre~
guency as compared to the frequency of the peri-
odic signal component 22, the neise components
will not ke increased or reinforced. On the con-
trary, $he noise components may be cancelled out.
In any event, there is attained a disproportion-
ately large increase in the signal-to-noise ratio.

In order to efiect the proper phasing between
the feedback signal (v2) and the input signal

(vin), it is necessary that the velocity of the tape
28 and the spacing between the recording head
39 and the transducer 43 be so adjusted that the
time-distance between the recording and detect-
ing heads assocciated with the tape 38 is egual to
an even integral number of wave lengths of the
pericdic signal comiponent 22 of the composite



2,684,468

5

signal stored on the tape. As briefly mentioned
above, the loop 8 preferably is two wave lengths
long in terms of the signal component 22.

If the total gain of the system comprising the
modulator 33, the oscillator 3%, the transducers
39 and 43 and the discriminator 45 is unity, and
the bridge amplifier 53 in the feedback network
has unity gain, then the increase in the periodic
signal componeunt of the voliage stored on the
tape 3% will be directly proportional to the num-
ber of storing operations. This will be readily
understcod by assuming an initial condition
where no signal has been stored on the tane 385,
Thereafter, the first cycle of signal 22 will be
recorded on the tape 36. Its amplitude, for pur-
poses of the present discussion, will be assumed
to be equal to unity. If, now, the distance be-
tween the recording head 38 and the transducer
43 is one wave length long for the frequency of
wave 22, the first cycle of that signal which was
recorded will be detected, fed back, and added
at the input grid of tube 25 in phase, as respects
that frequency, to the second eycle thereof. Their
amplitude will thereby be doubled. For each sub-
sequent cycle, the relative amplitude of the sum
will be further increased.

More particularly, the signal of double ampli~
tude as reproduced by the transducer 43 will
apply a positive feedback signal of double ampli~
tude by way of the bridge 50 to the grid of tube
25, Thus, the signal of double amplitude will be
added at the aforementionad grid to the succeed-
ing signal from electrodes 28 and 2{ and the sum
will then be recorded on the loop 8. Meanwhile,
by means of an erasing or obliterating system
generically represented by the circuit §i, the
stored signhal will be removed after detection by
the transducer 43 to clear the loop 38 for the
storage of the next signal. Thus, as the double
signal added to the succeeding signal arrives at
the transducer 38, the signal of trebled ampli-
tude will ke recorded and later applied by frans-
ducer 43 and discriminator £5 to the amplifying
bridge 58 for addition &t the grid of tube 25 to
the next succeeding signal.

In the foregoing manner, the amplitude of the
signal of regular and predetermined iregquency
may be increased as desired depending, within
the range of amplificaticn of the electronic com-
ponents, only on the number of cycles of the sig-
nal 22 to be added to the successively stored
signals.

During the foregoing cumulative increase in
the amplitude of the periodically recurring signal,
random noise present, which frequently upon
initial application of the signal to be detected
may greatly exceed the amplitude thereof, will
not be increased in the abhove manner for the
reason that noise energy in general does not have
the characteristic of uniform frequency but is
of variable frequency and amplitude and, hence,
in the cumulative operations above described
there will be both subtraction and addifion of
noise energy, whereas there will always be in-
phase addition of desired signals. It has been
determined in practice that by ithe cumulative
process referred to, the signal-to-noise ratio may
be greatly increased and there may ke obtained
from the signals applied to the earth’s surface
potential waves sufficiently unaffaected by noise
energy to be of great value in determining char-
acteristics of forimations in the earth.

The wave form is visible at all times on the os-
cilloscope 46. At any desired time in the opera~
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6
tion of the system, detailed study of the wave form
is made possible by opening the input circuit by
means of switch 28¢ and the feedback circuit
by means of switch §3a¢ to prevent application
of further signals to the amplifying network 24,
At the same time, a switch §i¢ in the obliterat-
ing eircuit 6{ may be opened for retention on the
recording loop 35 of the signal which it is desired
to study on the oscilloscope 46. In order that the
number of additive operations inay at all times
be known, a counter §2 may be provided driven
from the motor (5 to indicate the number of
cycles of operation of the contact of switch 3.
Counter 82 in manner well understood by those
skilled in the art is also used to open switches 2%a,
83a and Bia after a predetermined number of
cycles of operations of switch 13 which wiil pre-
determine the number of additive operations car-
ried out by the system. Thnereafter, the signal
will be continuocusly disglayed by the oscilloscope
45 for visual study, or it may be applied to re-
cording equipment for permanent record.

Thus, in accordance with the above outlined
procedures, electredes i, 12, 20 and 21 may be
positioned at selected points in a given area, cur-
rent applied to the earth through electrodes !
and {2 for a sufficient number of cycles to increase
the signal-to-noise ratio by the storing, detecting
and combining operations to build up a signal on
the magnetic storing medium that is free of noise.

A more general analysis of the above outlined
method will now be presented fo explain certain
permissible and desirable modifications, Refer-
ence should now be had to Figs. 2 and 3 and the
following mathematical analysis.

Consider the bklock diagram of Fig. 2 which
operationally represents that porticn of the sys-
tem of Fig. 1 between the points at which the
voltages (vm) and (¥o) appear. It will be as-
sumed that the voltage effective al the input of
the bridge 24 is equal to (Umn-+7o}. For con-
venience, the mixer bridge amplifier 24 of Fig. 1
wiil be given the same refersnce character in
Fig. 2. Similarly, the feedback amplifer or sec-
ond network is again identified by the reference
character 5§. The modulator 23, escillator 38,
the magnetic tape 36 with ils associated record-
ing and detecting heads 39 and 43, the discrimi-
nator 45, and the erasing circuit 81 wiil be con-
sidered as recorder £8 having the following spe-
cific mode of operation, i. e., if the input to the
recorder 68 is (vw) =7(i), then the outpulb will be
(Vo) =f(t—a). That is, the output (¥o) of the
recorder is the same as the input (vm) thereto
except delayed by a time interval (@), defer-
mined in the magnetic recorder by the travel time
of a given segment of the recording tape between
the recording and detecting heads.

There are several analytical methods that may
be used to determine the character of the out-
put of the system when a particular input volt-
age which is a function of time is assumed. A
particular analytical method using the Laplace
transform as an operator provides a more gen-
eral solution and additionally makes available a
usable expression for an impedance eguivalent
to, and describing the operation of, the mixer-
recorder-feedback system. For the following
analysis, Laplace transforms will be used, and,
for the purpose of orientation, the voltages in
the system of Fig. 2 are listed in the following
table together with the corresponding or equiva-
lent Iaplace notation therefor.
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Conventional Notation Laplace Notation
vin=f(t) Vin=F(3) (1)
v;—-—l(vm—i-vz) =f'{) Vi==HVint+V2) (2)
Vo=J'(L Vo=V1Ae a8
By=vo(~ B) Ve=Vo(—B) (4)

where:

s is a Laplace operator;

e is the base of the natural logarithms;

A is the gain of the recorder 88; and

B is the gain of the feedback amplifier 80,

It will be assumed that the mixer 24 has an
amplification equal to one (1) as respects both
(vin) and (v2) and has a phase shift of 180 de-
grees, i. e., there is a phase reversal of input
signals in the mixer 24 without amplification.
Its transfer characteristic or function, the ratio
of (v1) to (vim-+22), may therefore be expressed as
Tos——1, A being unity. Additionally, from Equa-
tion 4 expressed in conventional notation, it will
be seen that amplifier 58 has, in general, an am-
plification factor equal to (B) and has a phase
characteristic equal to (—1). Its transfer char-
acteristic then is Tso=—25.

In order to understand the operation of the
system, it will be desirable to evaluate the trans-
fer function (Ts) of the whole system in terms
of the Laplace transform. Mathemadtically, the
transfer function, Ts, may be expressed as:

Vo
Vin
The transfer funetion (Ts) may then be evalu-
ated in terms of the Laplace Equations 1-4 of
the above table and in the following manner:
V,
Aese
The voltage (Vi) expressed in Equation 2 in
terms of (Vin), (V2) and of the transfer func-
tion of the mixer 24 is:
Vi=—1(Vin{-V2) D
Similarly, the feedback voltage (V2) is expressed
by Equation 4 in terms of the output voltage
(Vo) and the transfer characteristic (—B) of the
amplifier £8:

=T, (5)

=V, dee5; or =V, (6)

Vo=—BVo 8)

By substituting Equation 8 into Equation 7 and
the result into Equation 6 to eliminate the terms

(V1) and (Vz2), the following relationship is ob-

tained:

Vo o

;4_6':;"—— l(Vzn BVO) (9)
or

Vo 1.

Ae—as BVO—_ V”‘ (10)
or

Vo  —Aeer

Vo 1—ABew Lt (1)

From Eduation il it can be seen that the cutput
voltage (Vo) may be expressed in terms of the
input voltage (Vin) and the transfer function
(Ts) of the whole system; i. e,

Ae 4
= VT == Vg 2
VO VznTs V”"l_‘ABe—a! (1 )

In terms of conventional notation, the output
voltage (wo) is equal to the inverse Laplace trans-
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form of the right-hand side of Equation 12;
that is,

Ae as
Vil =g B

where L~! indicates that the inverse Laplace
transform is to be taken.

In order to proceed beyond Eguation 13 in the
evaluation of the output voltage (vo), the char-
acter of the input voltage (vin) must be taken
into account and its conventional notation con-
verted to Laplace notation for operation in ac-
cordance with the right-hand side of Equation
13. In order to simplify the mathematical ex-
planation of the operation of the system, it will
now be assumed that a unit step-funstion input
voltage is applied to the mixer 24. The unit step-
function input veltage may be described mathe-
matically as follows:

Vo=L"1— (13)

<o
>0

In other words, (vin) remains zero until a given
instant, (t=0), and then immediately jumps to,
and thereafter remains at, a value equal to
one (1).

The Laplace transform of such a step func-
tion is:

vinzu(t)={ (14)

Emﬂx 1

Vin= s s

(15)

where Emax has a numerical value of one (1).
Substituting the foregoing into Equation 13, the
following relationship is obtained:
Agas
I_—ABe—‘“]

=L—‘—i—E:mx Aegmas
(16)

1—ABe _j L= !__

By dividing the denominator into the numerator,
the right-hand side of Equation 16 hecoines an
infinite power series of the following form:
ABG—Zaa

—T——}_

AB)2¢—3as AB {(n—1) p~nas
(%__Jr .. (__>_S_«1M+

=L_1_A[9;:+

]
(17)

When Equation 18 is expressed as an infinite
power series, Equation 17, the inverse Laplace
transform of each cof the terms may be taken
and the voltage (vo) may then be pletted as a
function of time, (o) being equal to the sum of
all of the terms of Eguation 17 as indicated.
From tables listing conventional funections and
their equivalent Laplace transforms, it will be
found that the inverse Laplace transform of the
expression

is a specific function of ({—a), i. e,
e—as
~l . = —
L 5 u(t—a)

This relationship may be found in Transients in
Linear Systems, vol. 1, by Gardner and Barnes,
published by John Wiley and Sons, Inc, 1942, at
page 352, Equation No. 6.01. The sclution to
HEquation 17 is plotted in Fig. 3 with (vo) as ordi-
nates against time as abscissae. The ordinates
(Vo) are expressed in units of (Vin) and the
abscissae (f) are expressed in units of (¢). The
heavy line 70 represents a solution for the above-
assumed conditions, namely, that (vin) is zero
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until time (0) and is thereafter by a unit step
function made equal to unity.

Each term of Equation 17 will itself be a unit
step function since the product AB=1. The out-
put (vo) consicts of the sum of the step func-
tions, and they (the successive terms of Equa-
tion 17 become effective sequentially at t=a, 24,
3q * * * efe. 'Thus, unit increases (V) in the
value of (vo) oseur for each successive time in-
terval (¢). More particularly, when:

t is less than a, v0=0;
after t=a, vo=1;

after t=2a, vo=2;
after {=3a, vo=3;
after T=nea, Vo=n.

It is to be noted that for this case where the
product of AR is equal to 1, the voltage output
(o) is increased in direct proportion to the
number of times interval (@) is repeated with
corresponding additions to the unit step func-
tions (V) or is directly proportional to (7).

Now that the invention has been explained in
connection with the example of the application
of input signals (Vi) in terms of the simple unit
step function, it is to be understood that the
same principles of analysis are applicable for
input signals of different type. More particu~
larly, the input signals (Vi) which will be ap-
plied in connection with electrical exploraticn
of the earth will be of complex character.
Nevertheless, the system above described and
analyzed will successfully function to increase
the signal-to-noise ratio. It is sufficient here
to say that with application of an input voltage
(Vin) of repetitive character, such as a sinusoidal
input voltage, adjustments are made so that
there will be phase coicidence between the feed-
hack voltage (Vo) and the input voltage (Vin).
The sinusoidal voltage will be increased in mag-
nitude to the same extent and effectively in the
same manner as the step function voltage illus-
trated in Fig. 3. That is, every instantaneous
value of the sinuscidal voltage is increased as
respects the output voltage (vo) in direct pro-
portion to the number of cycles in which feed-
back of the sine wave voltage is effective.

It is to be noted, however, that for sine wave
voltages not having the foregoing phase coin-
cidence, and particularly sine wave voltages
which might form a portion of the input volt-
age (vin) that are irrational in frequency rela-
tion to the sine wave voltage having the fore-
ging phase coincidence, the increase in ampli-
tude of such components will not be proportional
to the number of feedback cycles.

Applying the foregoing analysis directly to the
system of Fig. 1, it will be seen that the re-
‘peated or periodic signal component of the
energy stored cn the magnetic tape 3§ may be
increased in direct proportion to the number of
cycles of operation of the feedback system sub-
ject only to the limitations imposed by the com-
ponents of the system embodying the inventions.
There is a limit to the amplitude of signals
which the amplifiers 24 and 58 and the recorder
80 will be able to accommodate without distor-
tion due to overdriving or saturation. There-
fore, operation of the system should take place
within the dynamic range of the amplifiers and
of the recorder. In order to assure operation of
the system below the upper limit of said dynamic
range, the signal on the tape 36 is only permitted
to build up to a value corresponding with or just
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below that upper limit, at which time input cir-
cuit, the feedback amplifier 50 and the erasing
system 61 may be de-energized through opera-
tion of the counter mechanism 62, or otherwise
effectively removed from the circuit. Thereafter
the signals stored on tape 38 may be studied or
recorded without distortion thereof.

The method and system of Fig. 1 may ke modi-
fied as hereinafter described.

Referring again to Equation 17, it will be seen
that for repeated cycles of operation of the feed-
back system, the increase in signal amplitude is
g function of the product (AB). It will be re-
membered that (A) and (B) are the amplification
factors of the recorder §8 and of the feedback
amplifier 58, respectively (or the gain experi-
enced by the signal in passing therethrough).
If the product (AB) is less than 1, then for re-
peated cycles of operation, instead of the output
voltage (vo) increasing in unit steps, such as
illustrated by the heavy line 7¢ of Fig. 3 for a
unit step function input, the output (vo) will in-
crease in a different manner such as illustrated
by the broken-line curve 71 of Fig. 3. During
the time interval, (a) to (2@) part of curve Ti
is the same as curve 19 and corresponds in value
to the first term of Equation 17. During the in-
terval from (2¢) to (3a) the curve T{ indicates
an increased amplitude, the increase being rep-
resented by the partial ordinate () which is
equal to the value of the second term of Equa-
tion 17. Similarly, the partial ordinate (¥) is
determined by the third term of Hquation 17.
If A=—1 and B=0.9, then the amplitude of the
output voltage (vo) at a time f—=a is equal o 1
and when t=2g, (o) =1.9. Similarly, the out~
put voltage at t=3a would be equal to (1.84.8D)
or equal to 2.71. It will therefore be evident that
the output voltage (vo) will reach a maximum,
approaching that maximum asymptotically at a
rate dependent upon the product (AB). At in-
finity (=), the maximum would be equal to

1 1

T—AB " 1-00 0
It is therefore evident that the product (AB)
may be so adjusted that the range of signal out-

ut will never exceed the dynamic range of the
system, thus avoiding the need to utilize the
counter device 62, or the switches 28q, 83a and
Blg for the circuit-interrupting operations above
described. However, the signal component 22 of
the input voltage (v.) at increased amplitude

5 may be thereafter studied without interference

by noise or distortion by circuit components of
the system. )
Overdriving of the system is prevented by the
proper adjustment of the gain (B) of the feed-
back loop as by variation of the feedback resistor
56 of the bridge 58. Further, the tape or mag-
netic recording medium 3§ need not be a loop
but may be of the spooled variety used in some
coramercial magnetic recorders., Thus, either
the complete closed loop or the spoocled recording
elements may be used in connection with the
present invention. In the latter case the input
signal is recorded and deiected and after an in-
terval of time determined by the gain of the sys-
tem, the signal will reach a maximum. There-
after, the period during which the signal may be
studied on the oscilloscope 48 is limited only by
the remaining playing time of a given spool of
magnetic recording wire or tape. After it has
been unwound in one direction, it may be re-
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wound for further studies of the signal recorded
thereon or the sisnals erased for the next ex-
ploratory cperation. Other modifications within
the scope of the invention will suggest them-
selves to thoss skilled in the art.

Since in electrical prospecting systems and
methoeds it is often desirable to conduct investi-
gations at several frequencies, the rate of actua-
tion of the commutating device {3 is ordinarily
adjustable so that it ean be set at different
values, as by varying the speed of operstion of
the driving motor. For the signal emphasizing
action embodied in the present invention to take
place at each of the frequencies selected for op-
eration, it iz necessary only that the distance
between the point of recordation of the signal on
the associated msagnetic recording element and
the peint of detection therefrom always be an
integral number of wave lengths of the desived
signal. This may be accomplishad by driving
the wheel or pulley 37 directly from the motor
15 of variable speed, adjustable to satisfy the de-
sired freguency reguirements of the signal {6 ap-
plied to the earth. In such case, the rate of op-
eration of the commutator 12 is directly »pro-
pertional to the velocity of the tape or magnstic
element 38. Thus, once the recording head 8
and detecting head are adjusted for the desired
and above expressed relationship, they need not
thereafter be changed. A change in frequency
of the signal is automatically compensated for
by a change in velecity of tape 38. However, in
systems where it is desirable or necessary to op-
erate the magnetic tape 3% at a constant speed,
the distance between the recording and detecting
heads 3% and 4% may be physically adiusted to
compensate for changes in the frequency of the
pulses t&. In that case a constant speed motor
would be associated with pulley 37, and motor 1%
of variable speed would drive the commutator §3.

In Fig. 4 there is illustrated a modified form
of recorder, without the additional components
of the exploring system of Fig. 1, that will replace
the magnetic recorder. More particularly, that
portion of Fig. 1 connected hetween the conduc-
tor 32 of the bridge network 24 and the conductor
5§ leading to the feedback bridge amplifier 50
may be removed and the condenser commutator
system of Fig. 4 substituted therefor. In this
system there is provided g, plurality of condensers
88, each having one terminal connected tc a
commer ground conductor 8f. The other ter-
minal ef each cf the condenssrs 88 is connecied
to one of a plurality of insulated commutator
segments 82. A wiper arm 83 carried and driven
at its center by a shaft 84 is associated with the
systern and carries at one end a fivst pair of
brush contacts 85 and 8§. The brush contact
85 is biased toward the segments &2 for electrical
contact therewith and, similarly, the brush con-
tact 86 is maintained in contact with a slin ring
8T, Brushes 85 and 86 are electrically common,
being interconnected by a conductor 82. The op-
posite end of arm 83 carries a pair of brush con-
tacts 98 and 8. Brush 88 is maintained in con-
tact with the commutator segments 82 and the
brush 8! contacis a second slip ring 2. The
contacts 88 and 8i are electrically common, bhe-
ing interconnecied by a conductor 3. The arm
83 is rotated by a shaft 84 which may be driven
by the motor {5 of Fig. 1 or by other means in
synchronous rotation with the opening and clos~
ing of switch {3 of Fig. 1. The conducting ring
87 is connected by way of the conductor 32 to
the output of the bridge 24 of Fig, 1. 'The con-
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ducting ring 82 is connected by way of conductor
84 to the input grid of a bridge §5 which is similar
in construction and opsration ito the amplifier
hridges 24 and 5¢ of Fig. 1. The bridge output
of the bridge 85 is then connected to the con-
ductor 8¢ which, in Fig. 1, leads to the amplifier
bridege 8. The bridge amplifier 88 serves as a
buffer stage between the commutator recorder
and the bridge 56.

In operation the input voltage to the recorder
is applied by way of conductor 32, slip ring 87,
brush 88, conductor 89, and brush &5 to the seg-
ments 82 of the commutator device. As the wiper
arm 83 is rotated by shait 84 in synchronism
with the input pulses (5 of ¥Fig. 1, electric
charges are stored on each o¢f the condensers
80 that are proportional to the signal received
by the detecting elecirodes. The wiper arm 83
preferably is rotatad one complete revolution in
the time Interval required for itwo complete
cycles of the signal 18 of Fig. 1 so that variations
in magnituide 0f the chsarges on condensers 82
correspond in form to two complete cycles of the
input voltage to the mixer 24. Thus, two com-~
plete signal cycles together with random noise
components will be stored on the condensers 20.
The voltage on each condenser, at any instant
during the first eycle that the input voltage is
applied to the condenser commutator, will be
equal to the final value of thal voltsge during
the interval that the input brush &§ is in contact
with the comrnutater segment 62 associatzsd with
the conderniser since the resistance in series with
the brushes is low to provide a low time constant
circuit. Thus, for the first haif of revolution of
the arm 83 a complete cycle of the input volitags
wiil be stored on half of the condenssrs asso-
ciated with the condenssr commubater. During
the second hslf of the rotation of the airm 23 the
wave form is again stored on the second half of
the condenssrs and at the same time the one
cycle of the signal stored during the first haif
revolution is deteeted or picked up by the brush
a8 and applied to the input of the bridze 5 by
way of conduector 83, brush 8i and slip ring 42

It will be evideni that the charges stored on
the condenssrs &9 correspond in magnitude with
variaticns in the signal output from the bridge
24. By continued robation of the arm 88 while
a signal is detectad from the earth, the charge
on the condensers 28 will be incremenially in-
creased in properiion to the magniitude of the
input signal and in propertion to the number of
cycles of repeated storing due to the fesdback of
the detected signal by way of eonductor §#, while
the noise componenis will nob suffer the same
increase. The operation is described by the fore-
going mathematical analysis just as was. the op-
eration of the magnetic recorder of Fig. 1. As
was the case with the magnetic recording system,
there will be a disproportienate increase in the
amplitude of the cyclically repeated signal com-
pared to the random noise components of the
input voltage.

While particular embodiments of the inven-
tion have been described, it will be understood
that further modifications will now suggest
themselves to. those skilled in the art. It is

therefore intended to cover such modifications
as. fall within the scope of the appended. claims.

‘What is claimeq is:

1. A system for measuring the periodically re-
curring signal component of a voltage applied
to the input terminals therecf which includes
said signal component and noise energy of ran-
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dom polarity and amplitude which comprises a
mixer circuit connected to said input terminals
and responsive to said signal, a recording system
connected to the cutput terminals of said mixer
and receiving and storing energy corresponding
in form with said input signals, means for de-
tecting the stored signals, a feedback circuit con-
nected between said detecting means znd the
input terminals of said mixer for adding the de-
tected signals and said inputb signals with their
periodically recurring signal components in
phase~coincidence whereby said last named com-
ponents are incrementally inecreased with re-
spect to random noise energy.

2. A system for measuring the pericdically re-
curring signal component of a voltage applied fo
the input terminals thereof which includes said
signal component and noise energy of random
polarity and amplitude comprising a mixer cir-
cuit connected to said input terminals and re-
sponsive fo said signal, a magnetic recording
system connecied to the output terminals of said
mixer for receiving and magnetically storing the
output from said mixer in reproducible form cor-
responding with said input signals, meauns for de-
tecting the sicred signals, a feedback circuit con-
nacted between said detecting means and the in-
pub terminals of said mixer for adding the de-
tected signals and said input signals with their
periodically recurring signal components in
phase-coincidence whereby said last named com-
ponents are incrementally increased with respect
to random noise energy.

3. A gystem for measuring the periedically re-
curring signal component of a voltage applied
to the input terminals thereof which iuncludes
said signal eomponent and noise energy of ran-
dom polarity and amplitude comprising a bridge
network having in one arm thereof an imped-
ance connected in circuit with said input ter-
mingls dynamically controlled by said voltage ap-
plied thereto, a magnetic recording system con-
nected to the output diagonal of said bridge net-
work and responsive to output signals therefrom,
said magnetic recording system having a travel-
ing magnetic storage element driven at constant
velocity for receiving said sighals in form corre-
sponding with said voltage, o, detecting head ad-
jacent said magnetic storage element later in the
travel path than the point of storage and spaced
therefrom from an Integral number of wave
lengths of said periodically recurring signal com-
ponent of said oubtpub signals, a feedback path
connected between said detector and said input
terminals for adding said detected signals to said
voltage whereby the ratio of the amplitude of
said periodically recurring siznal component to
the amplitude of said random noise components
is incrementally increased.

" 4, In an electrical system in which there ap-
pears a voltage comprised of repeatedly occurring
signals which are to oe measured and relatively
high amplitude random noise, the combination
comprising a magnetic storing medium, means
for recording said repeatedly occurring signals
on said medium in reproducible form, means for
detecting said stored signals in synchronism with
succeeding cycles of said signals, means for com-
bining said detected signals and said repeatedly
oceurring signals successively to inerease the am-~
plitude of said stored energy in direct proportion
to the number of storing operations and to sub-
stantially cancel said random hoise, and means
for measuring the amplitude of said stored en-
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ergy after a predetermined number of storing op-
erations.

5. Means for measuring a constant frequency
alternating current signal in the presence of high
amplitude random noise energy comprising an
energy storing medium, means for continuously
storing energy on said medium proportional to
the sum of said noise energy and said signal, de-
tecting means for generating a signal propor-
tional to the energy stored on said medium, and
means for adding the detected signal to said
sum with the comnstant frequency alternating
current component of said sum and of said de-
tected signal in phase-coincidence whereby the
ratio of amplitude of signal energy o nhoise is
incrementally increased in direct proportion to
the number of storing operations.

5. In a system for measuring a constant fre-
quency alternating current signal in the presence
of high amplitude random noise energy having
a constant velocity traveling magnetic medium,
the combination which comprises means for stor-
ing the sum of said signal and said random noise
on said traveling medium, a detecting head
spaced from the storing point a distance propor-
tional to the velocity of said tapes and inversely
proportional to said constant frequency for de-
vecting the sisnals stored therecon, and means
for adding said detected signal to said sum ab
the storing point with the constani frequency
components thereof in phase whereby the ratio
of amplitudes of said consiant frequency alter-
nating current signal to said random noise is in-
creased in proportion to the number of stering
operations.

7. In an electrical prospecting system where
equally spaced pulses are applied to the earthr’s
surface and constant frequency electrical signals
resulting therefrom are to be measured in the
presence of high amplitude random noise signals
combined therewith, the combination which
comprises a magnetic storing wmedium driven at
constant speed, ampiifying means for applying
said combined signal to said magnetic storing
medium, means for deiecting said signal at a
point an integral numker of wave lengths of said
constant frequency signal from the point of stor-
age thereof on said storing medium, circuit
means connected to said detecting means for
adding each cycle of said detected signal and of
said combined signals in the storing circuit for
repeatedly and selectively reinforcing signals of
said constant frequency with respect to said high
amplitude random noise energy.

8. A system for selectively treating a voltage
having a periodic component and noise energy
of random polarity and amplitude applied to the
input terminals comprising means for contin-
uously recording a signal proportional to said
voltage and having an amplification factor A,
means for detecting said recorded signal at a
time (a) after recordation thereof, a feedback
network connected between said detecting mesns
and said input terminals having smplification
factor B, said system having an overall transfer
function expressed by a Laplace transform func-
tion equal to

Ae—-aa
1—ABe¢oe

where the product of AB is not greater than one
(1) and e is the base of the natural logarithms,
and s is a Laplace operator.

9. The system set forth in claim 8 in which
the product of AB is less than one (1).
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10. The combination set forth in claim 8
wherein the limit of a converging power series
of the product of AB lies within the dynamic
range of said system.

11. A system for measuring the periodically
recurring signal component of a voltage applied
to the input terminals thereof which includes
said signal compenent and noise energy of ran-
dom polarity and amplitude comprising a mixer
circuit connected to said input terminals ang re-
sponsive to said signal, an electrostatic record-
ing system connected to the cutpui terminals of
said mixer for receiving and storing successively
a plurality of electric charges which vary in
magnitude and form corresponding with said
input signals, means for successively detecting a
voltage proporticnsl to the magnitude of said
stored charges, a feedback circuit connected be-
tween the detecting mesns and the inpui bermi-
nals of said mixer for adding the detected voltage
and said input signals with their periodically re-
curring signal components in phase-coincidence
whereby s2id last named components. ars in-
crementally increased with respecht to said ran-
dom noise energy.

12. A system for measuring the periodically re-

urring signal component of a voltage applied to
the input terminals thereof which includes said
signsl component and noise energy of randem po-
larity and amplitude comprising a mixer circuit
connected to said input terminals and responsive
to said signal, & multi-segment commutator hav-
ing associated therewith a pair of diametrically
opposed contact making brushes, a plurality of
condensers, one connected to each of the seg-
ments of said commutator, means for rotsiing
said prushes in synchronism with said periodic
signal component, a circuit connection between
one of said brushes and the output of said mixer
circuit for successively storing on each of said
condensers an electrie charge proporfional to an
instentaneous value of the output from said
mixer, a feedback circuit, a circuit connected
hetween the output of said feedback circuit
and the input of said mixer, end a circuit

connection between the second of said brushes
and the input of said feedback circuit for detect-
ing from said condensers and applying to said
feedback circuit a voltage proportional to said
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eleetric charges to add at the input terminals of
said mixer the detected voltage and said input
signals with their periodically recurring signal
components in phase-coincidence whereby said
last namsd components are incrementally in-
creased with respect to random noise energy.

13. A system for measuring the periodically
recurring signal component of a voltage which
ineludes said signal component and noise energy
of random polarity and amplitude, which com-
prises means for storing in reproducible form
said voltage for a plurality of cycles of said peri-
odically recurring signal component, means for
detecting said stored signal, and means for add-
ing the detected signal to o subsequent cycle of
said periodically recurring signal component in
phase-coineidence therewith for incrementally
increasing the amplitude of said component rela-
tive to said randem noise energy.

14. A system for measuring the periodic sig-
nal component of & composite signal which has
said periodic signal component repeatedly re-
curring in time combined with obscuring van-
dom noise energy, which comprises means for
storing in reproducible form an amplitude-time
function corresponding with said composite sig~
nal, means for detecting a signal corresponding
with said stored energy, means for adding the
detected signal to said comwposite signal later
in time with said constant fregusnecy compo-
nents thereof in phase~coincidence with the ratio
of the former toc the latter equal to or less than
one, and means for repeatedly storing the sura
of said signals for increasing the amplitude of
said constant frequency components relative to
the noise in said composite signsl in proportion
to the number of the repeated storing operations.
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